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By solving problems in astronautics, U.S. Air Force 
scientists expand man’s knowledge of the universe. Lt. Howard McKinley. M.A 
tells about research careers on the Aerospace Team. 


(Lt. McKinley holds degrees in elec- 
tronics and electrical engineering from 
the Georgia Institute of Technology and 
the Armed Forces Institute of Tech- 
nology. He received the 1963 Air Force 
Research & Development Award for his 
work with inertial guidance compo- 
nents. Here he answers some frequently- 
asked questions about the place of 
college-trained men and women in the 
U.S. Air Force.) 

Is Air Force research really 
advanced, compared to what 
others are doing? 

It certainly is. As a matter of fact, much 
of the work being done right now in uni- 
versities and industry had its beginnings 
in Air Force research and development 
projects. After all, when you’re involved 
in the development of guidance systems 
for space vehicles-a current Air Force 
project in America’s space program — 
you’re working on the frontiers of 
knowledge. 

What areas do Air Force scientists 
get involved in? 

Practically any you can name. Of course 
the principal aim of Air Force research 
is to expand our aerospace capability. 
But in carrying out this general purpose, 
individual projects explore an extremely 
wide range of topics. “Side effects” of 


Air Force research are often as impor- 
tant, scientifically, as the main thrust. 


the right places, keeping America strong 
and free. 


How important is the work a recent 
graduate can expect to do? 

It’s just as important and exciting as his 
own knowledge and skill can make it. 
From my own experience. I can say 
that right from the start 1 was doing 
vital, absorbing research. That’s one of 
the things that’s so good about an Air 
Force career-it gives young people the 
chance to do meaningful work in the 
areas that really interest them. 

What non-scientific jobs does the 
Air Force offer? 

Of course the Air Force has a continu- 
ing need for rated officers— pilots and 
navigators. There are also many varied 
and challenging administrative-manage- 
rial positions. Remember, the Air Force 
is a vast and complex organization. It 
takes a great many different kinds of 
people to keep it running. But there are 
two uniform criteria: you’ve got to be 
intelligent, and you've got to be willing 
to work hard. 

What sort of future do I have 
in the Air Force? 

Just as big as you want to make it. In 
the Air Force, talent has a way of com- 
ing to the top. It has to be that way. if 
we’re going to have the best people in 


What s the best way to start 
an Air Force career? 

An excellent way-the way I started-is 
through Air Force Officer Training 
School. OTS is a three-month course, 
given at Lackland Air Force Base, near 
San Antonio. Texas, that’s open to both 
men and women. You can apply when 
you’re within 210 days of graduation, or 
a^er you’ve received your degree. 

How long will I be committed 
to serve? 


( atp actuate 

lrom OTS and receive your commis- 
sion. If you go on to pilot or navigator 
training, the four years starts when 
you re awarded your wings. 

Are there other ways to become 
an Air Force officer? 

There’s Air Force ROTC, active at 
many colleges and universities, and the 
Air Force Academy, where admission 
,S by . lamination and Congressional 
appointment. If you’d like more infor- 
mation on any Air Force program. y ou 
can get it from the Professor of Aero 
space Studies (if there’s one on y OU r 
campus) or from an Air Force recruiter 

United States Air Force 



Where will you stand 10 years 
from today, when half of what you now 
know becomes obsolete? 


Right now you’re steeped in the latest 
technologies. But 10 years from now 
half of this knowledge will be obsolete. 
And half of what you will need to know 
isn't even available today. 

To keep up, you'll have to spend 
an increasing amount of your time in 
professional study. 

That's another good reason for joining 
IBM. We offer you a broad choice of 
educational programs — from on-job 
training to graduate study programs 
supported by the company. 

We want to help you grow because 


we've found it's the best way for 
IBM to grow. 

Today IBM is a leader in science 
and technology. A dynamic company 
whose people and systems are at 
work on almost everything new in the 
world today. The discovery of new 
knowledge. The design of new 
products. The development of new 
solutions to a host of problems. IBM 
is an exciting company that enables 
you to stay technologically "hot" 
throughout your career — and provides 
you with real opportunity for 
advancement. 


Your first opportunity with IBM starts 
with your placement officer. And with 
the IBM interviewers when they come 
to your campus. See them — and learn 
why you won't stand still at IBM. 

For more information, or if 

you missed our interviewers, write to: 

Manager of College Relations 
IBM Corporate Headquarters 
Armonk, New York 10504 

IBM is an Equal Opportunity Employer. 

IBM. 



Ford Motor 

Company is: 


responsibility 



A key dimension of any job is the responsibility 
involved. Graduates who join Ford Motor Com- 
pany find the opportunity to accept responsibility 
early m their careers. The earlier the better. How- 
ever we know the transition from the academic 
world to the business world requires training 
Scholastic achievements must be complemented bv 
a solid understanding of the practical, day-to-day 
aspects of the business. That is the most direct 
route to accomplishment. 


Stephen Jaeger 
B.B.A., Univ. of Pittnhurgh 


_ , . or - — — -r*»ioiv/n o mnwauKee 

District Sales Office, is a good example of how it 
• .. , , . . works. His first assignment, in January lqfit 

was m the Administrative Department where he had the opportunity^ 
become fam.har with procedures and communications between dealeshil 
and the District Office. In four months he moved ahead to the 
rung and Analysis Department as an analyst. He studied deat^ipl " 
terms of sales history, market penetration and potentials and mode 
This information was then incorporated into master plans’ for the ntl™* 
In March, 1964, he was promoted to Zone Manager— workine dir 
19 deal.,, a, a constant on all phaee, of their ]eit ”'*?> 

involves such area. a. sale,. finance, advertising. customs relays ™d 
business management. Responsible job? You bet it is-esneciallv T d 
not yet 25 years old. Over one million dollars in retail sales annualf ^ 
involved in just one dealership Steve contacts ‘ ’ y ’ are 

As a growth company in a growth industry. Ford Motor Company off 
an exceptionally wide spectrum of job opportunities. The chances are S 
that openings exist ,n your field of interest. See our representative!^ 

he v„,M your campus We are looking for men who want rcs.ionsM^" 
and will be ready for it when it comes. unsipuity— 


THERE'S A FUTURE FOR YOU WITH 

The American Road. Dearborn, Michigan 
An equal 



opportunity c mfitnyri 



Special agent plots overthrow of hidden enemy. 


The hidden enemy is vapor in automobile fuel lines. 
Causes vapor-lock that stalls cars on warm days. 

Our special agent is Dr. John O. Becker, University of 
Illinois, ’64. Here he plots a temperature-pressure-fuel 
relationship as he specializes in fuel volatility at our 
Whiting, Ind., Research & Development lab. One of his 
theories has already been proven. The next step — a 
practical application useful in re-blending gasoline. To 
make it less prone to vapor-lock. 

In his spare time, Dr. Becker is boning-up on car 


engines of the future. Maybe someday he’ll help us 
formulate a new kind of fuel for a vet-unknown engine. 

How about you? Looking for a challenge— and a 
chance to contribute to the exciting new technologies 
shaping tomorrow’s world? Your opportunity may be 
here at American Oil. Whether you're a mechanical 
engineer, as Dr. Becker is, or a chemist, metallurgist, 
mathematician or physicist. 

For more information, write J. H. Strange, American 
Oil Company, P.O. Box 431, Whiting, Indiana. 



AMERICAN OIL COMPANY 


WHY ARE YOU 



rwil °" - 9 : , stubbl , e chinned, fuzzy headed (or fuzzy chinned, stubble headed) little 

GWU engineering students begin the annual attempt to focus their eyes and minds on fk tf c 

equations in front of them. And, as if compelled by the same insl ncMhat mnJ2fc T ^ P ° 96S ° f 

stream, they fill out the IBM cards, pay their money and trudge up the stairs of Tomok' SW /, m .y P " 
begin the strange ritual once again. 9 P ° f Tom P kms H °H to 

. Pe rhaps one of the first questions to slide across their qreasv brain cons of * • 

times is . . . "Why the am I here at good o 1 1 ivyless GWU School of Fnn' • 6 

spending more than I would on a girl, to listen to some graduate yoyo mumble tc/hTmsSf ^ ' \ 

something that doesn't even remotely resemble E*N*G*l*N*E*E*R*l*M*r " Tk T se If about 

of an elastic pentagonal icosahedron, sublet to periodic force inputs in an inhomoo° m motion 
netic field ... in spherical coordinates is one of the last thing that m ' ™ 9 ' 

arouse the interest of a healthy young man. 9 m ' 9ht be thou 9 ht of to 

So why the do they come back? Getting a good answer would require a comnl . A 

random sample of personal reasons, a statistical analysis of the data and a study of th/T k ^ 
error and inanities ofsuch a project. Since this would mean several years and n ™ berenf 

and since this is my seventh crack at the annual ritual, maybe we can apt n ffw ^ rnrT ! ent grant, 
my reasons while we're waiting for the forms to be'proce'ssed^ ^ ^ ^ chuck,es out of 

I believeany engineering student reading these words, has the opportunity to fulfill „ 
the most awesome destinies the gods ever offered a man. It's possible fknfT - I . ' ° ne of 
old the power to destroy all signs of civilized life . . . or save and rot the CQn 
human beings. A single engineer can design a button to push in that supreme moment^f tT* ^ 
rary msamty ... or processes to give clean water, ample food ... and W T? to thl world^ 

The choice of the use of this power is a matter between a man and his qods but tk« 
knowledge, can only be attained by hard work. Though your virtues QrP 9 "n \k V" power 
heavens", your IQ in four figures, and your name written in the book of the prophets' 5 °rk 
way to get the knowledge is through study. College is just a set of warming Cp exercises ® °TU V 

real work comes later; making radios out of solid state theory, bridges out of staMstks and - The 
out of thermodynamics. r y srarisrics and engines 

f I- fkTk™" W | h ° ° ne ' mU$ , fe ? d the 9 naw ' n g ulcer of his ego or be eaten bv if tl 
feeling that his work is important, that his contribution can be seen in fk„ k„ L ° y , K Tbe 

effort, the feeling that his presence is felt on earth and that he left some tracks ° C , ? rounb team 
all these are needed if he is to be able to look himself in the «^ W ° y 
throat with the razor. I believe the reason the fuzzy chinned students return to th/cWU 
of Engineering, etc., is to get some palatable food for their personal demons. WU Schooi 

So, Young Engineer, study hard, and remember while vou're wndinn fk l . 
transforms and tensor analysis that it all does have an application. You're beL ^3 ,f la<:e 
good basic engineering education. If you don't study Tad, your liver wilf turn t„ L. C L d '° ° 
your slide rule will warp, your girl will run off with an art major and tL/llfk ♦ /■ ° k bu "er, 
dark pit of the M.E. lab will eat you up. But if you work 3 I L / V L l,VeS in *e 
most interesting, self-satisfying of professions ../and you 'if be abletosul^'^'^k 00 . 6 ° f the 
that you really do have a soul. X ° ble t0 slee P at n '9 bt knowing 

rnec 
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It looks like our Artist has been flying a little too high again. 
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YOUR ENGINEERS’ COUNCIL 

by Bruce Howard 

DESCRIPTION 

The Engineers' Council is the student gov- 
erning body for the School of Engineering and 
Applied Science. It is composed of the following 
representatives: 

Introductory Level 
Intermediate Level 
Advanced Level 
ASCE 
ASME 
IEEE 

Sigma Tau 
Tau Beta Pi 
Theta Tau 

Student Council Rep. 

Engineers' Open House Chairman* 

Davis -Hodgkins House Manager* 

MEA Representative* 

MSE Representative* 

^Appointed by the President of the Council. 

The Council is maintained financially by the 
Engineers' Council Fee paid by each student in 
the School of Engineering. 

FUNCTION 

The primary purpose of the Council is to 
provide liaison between the student body and the 
Faculty, Administration, and the Student Gov- 
ernment of the rest of the University. 

Included in this purpose is the important 
function of serving as a sounding-board for stu- 
dent complaints. If a student has a legitimate 
complaint about a course, a grade, or a profes- 
sor he may bring it to the attention of the Coun- 
cil. If upon hearing the complaint, the Council 
feels that the complaint is legitimate and war- 
rants action, the Council will take what ever 
action is necessary to solve the problem. The 
student is guaranteed that he can remain anony- 
mous if he so desires. 


NEWS FLASH! 

day T by D g I w EN boys' ?ALTIMORE ™ ONE 

"May 3, 1905— Two George Washington Uni- 
versity boys accomplished a feat unparalleled in 
the history of the automobile. They made the 
trip to Baltimore in an electric car, taking only 
fourteen hours. 

"Last week Lenard Brown and Charles Ed- 
wards broke all existing records for long dis- 
tance motoring. They started from Washington 
at eight o clock in the morning and arrived in 
Baltimore at ten o'clock the same night. They 
were received in Baltimore by the mayor and 
many prominent citizens who hailed the feat as 
the beginning of a new era. 

After a night s rest, the two heroes prepared 
their car for shipment back to Washington and 
returned here by train. They were greeted on 
their return by the prominent citizens and many 
of their college friends. 


(4) 

( 2 ) 

( 2 ) 

( 1 ) 

( 1 ) 

( 1 ) 

( 1 ) 

( 1 ) 

( 1 ) 

( 1 ) 



ACTIVITIES 


. rhe t , Councl1 sponsors a number of events 
durmg the year including the Engineers' Ball, 

in th^TI 1 * 1 ChrlSt ™ as Tree Lighting Ceremony 
ndEn r 'n * th ® En S ineers ’ Mixers, 

gineers® Week. ^ H ° USe ’ be “ er knOWn as En ‘ 

ber n hC A ngin ,r rS ' B * U WU1 be held on Novem- 
Council in "if 3 ~ out . effort ls being made by the 
the hell Planning to make this year's Ball 

Ball derTT h 1 ld ' However > the success of the 
Ball depends almost entirely upon the s„n m rt 

g-en it by the student body. 7 So'when S 
comes, buy your ticket, go to the Ball, have a few 
drinks, dance, and watch the crowning of the 
Engineers' Oueen. 8 

The Engineers' Council also sponsors and 
acts as the directing body for this magazine which 

The PU s bhShed ® 1X A times during the school year 
The success of Mecheleciv also depends a great 

the form of t f S '? PPOrt - Y ° Ur ibutions in 

the form of articles, news items, and news of 

coming events would be greatly appreciated 

meetings 

The Engineers' Council holds its meetings 

Deant Wed ? 8da * of each month in the 

Dean s Conference Room, Tompkins Hall. Meet- 

ing times are posted on the north bulletin board 
_The meetings are open to the student body. 


bumment ol their wo nHprfi 
performance, the boys replied that they thouo 
such trips would soon become a y thougl 

even though they were very draining on^he 
gies of the drivers. In their o^nion the" 6 " 
pneumatic tires are a failure. They had flf," 6 ' 
punctures. They have, however, nothing but nrlis 
for their auto. Their speed averaged a L P „ 
miles every hour, which is a record in its ^11 
The car was equipped with new Edison 
battery which held up for a sur prising Iv ^ 8 
time. According to Brown and Edwards the °i^ 
age was almost half , even after they hari^ V< ? U 
Baltimore. With this point in mind, R t 

seen that the electric type will be far mr, asi1 
cessful than the gasoline powered autos SUC 

In spite of their well earned glory the 

0yS TMs news r fTa n s g h ‘comfsTo uTol/of 


6 


the mecheleciv 


Does this look 



like an answer 
to global problems of ignorance, 
disease and physical deprivation? 


Not yet. But we’re getting closer. 

Behind this movement is a simple statistic with startling im- 
plications for all of us — If you count all the scientists and 
engineers since the beginning of recorded history, ninety 
percent are alive today! 

We are now in the midst of the result — an incredible explo- 
sion of information from every corner of the globe. And 
somewhere within this explosion will be the ultimate answers 
to mankind’s oldest, and newest problems. 

The challenges are many. First, to understand the nature 
of this giant intellectual force. Then, to find the best way to 


collect it, classify it, store it., .and distribute it appropriately 
and instantly to the people who need it. 

In this light, you might consider today's Xerox products early 
and primitive steps along a difficult but fascinating path. 
You’d be right. Yet, has anyone taken these steps before us. 

Your degree in Engineering, Science, Business Administration 
or Liberal Arts can qualify you for some intriguing openings 
at Xerox, in fundamental and applied research, engineering, 
manufacturing, marketing/sales, finance and administration. 
See your Placement Director or write directly to Mr. Stephen G. 
Crawford, Xerox Corporation, P.O. Box 1540, Rochester, New 
York 14603. An Equal Opportunity Employer. 



The Xerox 914 Copier revolu- 
tionized the office copying in- 
dustry when it was introduced 
in 1959... and really started us 
on our way. 



Less than 3 years later, the 813 
further extended low-cost, qual- 
ity office copying. One-seventh 
the volume of the 914, it does 
just about everything the 914 
does except copy solid, 3-dimen- 
sional objects. 





Another revolution. An electro- 
mechanical-chemical-optical de- 
vice called the 2400 because it 
produces 2.400 copies per hour 
directly from an original docu; 
ment. No stencil or “master 
of any kind. You press a button. 


XEROX 

TOP PHOTO: LDX (Long Dis- 
tance Xerography) scans, trans- 
mits and reproduces images 
over distances limited only by 
the transmission medium. 
Something like it may print the 
morning paper at your break- 
fast table some day, or help you 
manage a global business. 


XEROX. 914, 813. 3400 AND LDX ARE TRADEMARKS OF XEROX CORPORATION 


WELCOME ! 

It is the purpose of these writings to welcome 
this year's new students to the school of Engi- 
neering and Applied Science. While a personal 
welcome is extended of course.it is our intention 
here to welcome you to the professional study of 
engineering. 

The School of Engineering is a professional 
school in a University which has a liberal arts 
college, a law school and a medical school among 
others. The University is the only private, non- 
sectarian institution of higher learning in the 
Nation's Capital. 

What faces the student of engineering and 
applied science here at the George Washington 
University, and his life's work as an engineer? 
We hope to provide at least a partial answer as 
we seek to help you know what the study of en- 
gineering and science offers, what the differences 
are, what study in an engineering school such as 
The George Washington University's is like and 
then specifically what our purposes are, and how 
we approach the education of the engineer-applied 
scientist. 

TODAY AS BEFORE 

Engineers today, just as in the past, are 
en g a g e d i n the design and construction of bridges, 
tunnels, automobiles, aircraft, electrical and 
electronic systems and devices, to mention only 
several examples out of a myriad that exist. All 
of these projects, systems, construction, design, 
manufacture and fabrication are intended to im- 
prove and to preserve our way of life. A new 
factor has been added, however, which has a 
strong influence on what the engineer does and 
how he does it. We may call this factor the 
explosion of technology". What this really means 
is that the engineering applications of new sci- 
entific information, principles and theories that 
have been discovered, have acquired enormous 
potential for practical use and widespread ap- 
plications in many areas. The realization of this 
potential is the domain of the engineer. The en- 
gineer can no longer design an airplane, a mis- 
sile or a bridge using old methods, formulae, and 
even old materials, and feel that he is doing the 
best job possible. The door has been opened to 
an enormous amount of knowledge. Who can say, 
even today what the full potentials are of the 
laser, atomic energy, computers, titanium, cryo- 
genics, and space travel? The application of 
principles, theories, new techniques , new devices, 
new forms of energy may be called "applied sci- 
ence". It is applied science which attempts to 
meet the urgent demands for putting these new 
tools to work for the earliest possible use by 
society. To meet this demand, an increasing 
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number of engineers are engaged in research anc 
development, which is really a general term de- 
scribing what happens when an effort is made tc 
take a basic principle, convert it to a first prin- 
ciple and convey it to a first model for production 
There are strong bon ds between engineering 
and science . ‘ 


* ' * e ****«5**t» ui c in technics. 

efforts may be classified as basic research ap- 
plied research, design and development, applica- 
tions engineering, production or construction, 
service and operation, and administration. This 
is a wide spectrum of activity and requires the 
scientist, engineer, technician as a team. Be- 
tween 15% to 20% of all engineers are employed 
in applied research. The largest single group of 
engineers work in design and development. The 
next largest groups are involved in applications 

engineering and production/construction. Appli- 
cations engineering may be a new term for the 
reader. An applications engineer prepares the 
plans and designs for using a product to meets 
specific need. A jet engine company's applica- 
tion engineer may work closely with an aircraft 
manufacturer who requires such engines as power 
plants in his aircraft. 

ton n° eS mean that at The Ge ° r « e Washing- 

ton University we do not reach electrical engi- 
neering, civil engineering, mechanical engineer- 
>ng, etc.? W, do b„,. modern 

of engineering we must attempt to prepare the 
student for the real world in which changes are 
taking place rapidly. We must emphasize the art 
a.nd science of engineering. 


MORE ENGINEERS . . . 

Since an engineering education should nre- 
pare people for potential service in the Ride 
spectrum of activity we have mentioned, most 
engineering schools aim their course program* 
somewhere between the applied research a^d 
design functions. The unique characteristic of 
an education in engineering today is the r. 
ration of the individual for" analysis. syXX 
and design of technical systems through a well 
founded problem solving approach § An 1 
mately 900,000 engineers are employed todly^n 

our country in industry, government, pri va te Re- 
search institutions and universities, accord’ 
the Bureau of Labor Statistics. Scientists ^ 
ber about 200.000. There is a good reasonwT" 
there are more engineers than scientists t * 
dustries have found there is a greater e 
job functions which can best be filled bv ° f 

with an education in engineering. Y Persons 

Engineering is a professional field 
one who desires to enter service in such t fiRRd 
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must have the appropriate specialized training. 
Additionally, it is important that he know some- 
thing of our cultural heritage and the world in 
which he works and lives through study of the 
liberal arts and humanities. Engineering and 
liberal arts are not opposed, they are comple- 
mentary. Furthermore, one's learning only be- 
gins in college. Throughout one's life there are 
many opportunities to learn, to gain familiarity 
with the many facets of our society, its govern- 
ment, its operations, its mores and customs and 
the issues which face our people. 

What is the program of study in a school of 
engineering such as The George Washington Uni- 
versity? The basics are (1) the pure science and 
mathematics, the physics, chemistry and calculus, 
(2) the applied science, such as electromagnetic 
wave theory, control theory, fluid mechanics, 
earth science, thermodynamics, astronomy, ana- 
lytical mechanics, engineering materials, opera- 
tions research and structural theory, (3) the 
engineering such as hydraulic engineering, struc- 
tural design, reactor engineering, regional and 
urban planning, engineering electronics, computer 
and electrical laboratorie s , transducer and digital 

computer techniques, and (4) the general liberal 
arts studies. 


MENTAL DISCIPLINE 

The basic preparation in science and mathe- 
matics followed by courses in applied science and 
technology impose a discipline upon the engineer- 
ing student which many other students in other 
areas of learning do- not share. You have prob- 
ably heard that the undergraduate engineers, as 
a group, work the hardest on campus. This is 
not because the courses an engineering student 
takes are, in themselves, more difficult than 
those taken by liberal arts students. The intel- 
lectual discipline or training of mind a student 
receives in engineering requires industry, but 
not a complete sacrifice of time. Disciplined 
mental activity is required in any study of pro- 
fessional areas. Good study habits, a capacity 
or determination for sustained application, a 
desire to accomplish your goals and ability to 
concentrate and to organize your work, are all 
essential qualities. Make an orderly approach 
to problem solving and persist in the face of 
difficulty. The effective management of time is 
basic. Does this mean there can be nothing but 
a steady, study grind? Many students have not 
found it so. The fact that an engineering student 
may find it necessary to put forth more effort 
makes the success all the sweeter. 



SUCCESS 

Success in engineering depends on your in- 
terest, enthusiasm, and motivation. Motivation 
depends to a large degree on a student s de- 
velopment. Lack of ability is seldom a reason 
for failure. Lack of motivation and failure to 
understand what engineering is, are causes for 
failure. Without these factors, the disciplined 
study will not come early. The requisite in- 
telligence and good accomplishment m high school 
ao a long way to determining fitness for engi- 
neering study, as well as study in many other 
fields. A famous American once said that the 
perpetually condemned man is one who does not 
make use of his talents whatever they are. The 
mind is not a storehouse to be filled by profes- 
sors, but an instrument to be used. You deter- 
mine your success more than anyone else. It is 
indispensable quality. Thomas Edison, for ex- 
ample, did not enter his laboratory and invent 
the electric light bulb. He did so only after re- 
peated failures on which he capitalized. The 
only discouraging thing about failure is not making 
the most of it by profiting from understanding 

why the failure occurred. 

It is our purpose in the School to assist you 
in any way we can with all our resources to help 
you to success. Those of us who have practiced 
engineering know how rewarding an experience 
it can be. In my case, it has brought me all over 
the world in many interesting and challenging 
projects. The experience in dealing with crea- 
tive people has been a most satisfying life swork. 
We welcome you to your preparation for such 
work. That the School will have a part in shap- 
ing your future is a responsibility that we do not 
take lightly. We earnestly hope that you will 

recognize your responsibilities , develop as rapidly 

as you can, and fulfill your objectives. 


OCTOBER 1965 
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ON THE DE-SPINNIN 



INTRODUCTION 


Virtually all satellites are spin-stabilized 
during the phase of operation which places them 
in orbit. This means that during launch the 
satellites and carrier rockets are spun at sev- 
eral hundred revolutions per minute around the 
axis of symmetry. In this manner the small 
directional errors in rocket thrust are averaged 
to zero and also the satellite will not tumble if it 
is spinning around its axis of symmetry. 

However, after the satellite is placed in its 
proper orbit it is usually necessary to de-spin it 
to a relatively low spin rate or even to zero. 
Ihis is usually done to permit the proper func- 
tioning of the experiments in the satellite. Thus, 
it is necessary to consider methods of de- spin- 
ning the satellite to a desired final value. 

There are several de-spinning techniques 
which are currently in use. One of the more 
important techniques is the use of retro-rockets. 
These rockets are placed in such a position that 
w en they are fired the spin momentum is re- 
duced by a specified amount. This is an effective 
method but it requires rather elaborate instru- 
mentation to obtain accurate control of the final 
spin rate. 

The spin rate is often reduced significantly 
by increasing the spin moment of inertia. Since 
the angular momentum remains nearly constant, 
an increase in moment of inertia induces a de- 
crease in the spin rate. Since many appendages 
are utilized on satellites, i.e. solar paddles, an- 
tennae, etc., this method is effective but allows 
little flexibility in obtaining desired final spin 
rates. Actually this method is not used for the 
purpose of obtaining desired final spin rates but 

the spin reduction must be taken into consider- 
ation. 


Another particularly effective method of spin 
reduction is a momentum exchange device known 
as a yo-yo de-spin mechanism. This method 
employs a pair of weights wrapped around the 
body of the satellite which are released and al- 
lowed to unwind. As the weights unwind they gain 
angular momentum and are finally released when 
the wire is perpendicular to the satellite. Two 
weights are used so that no unbalanced forces 
are applied to the center of mass of the satellite 
and the only effect will be that of decreasing the 
spin. It is the purpose of this paper to analyti- 
cally determine the equations of motion of the 
satellite and to determine the final spin rate given 
the initial conditions and parameters of the 
problem. 

There are two distinct phases of the spin 
reduction process. Phase 1 describes the period 
when the wire is tangent to the satellite and is 
unwinding from it. Phase 2 describes the period 
of constant wire length when the angle changes 

“ th - po,,, 1 ?" 
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by Douglas L. Jones 


PHASE 1 ANALYSIS 

The configuration described by the Phase 1 
analysis, together with its coordinate system is 
Shown in Figure 1. Only wire i» 'K'Ttac” 
the system is considered to be symmetrical 
about the spin axis. We make the following as- 
sump tl0ns: (1) all other fQrces can neglected. 

£ ,h r= - r 

(3,the 

case^to^f?^ 311 ° f the s V stem . which in this 
case is the total kinetic energy, i s 

L = il0‘+^(x*+y), (1) 

where m is the total mass of both weights I is 

the moment of inertia of the satellite about the 
spin axis, and if> is the soin rate about the 

Using the transformation P equaHons " 

x — a Cos0 +/Sm 9 , 


y ^'S/nQ - /fCosQ > 


( 2 ) 

(3) 


the Lagrangian may be written in the form 

L=iI0%^f / g e\a*0*y (4) 

From geometric considerations the lenvtb 
wire unwound at any time during this phfse is 


f=a[Q-0), 

's equations of n 
. linates 6 and <b are 

eL I a l _ 

da ~ 0 - O » 


(5) 

Lagrange's equations of motion in m 
eral J. ze . d coordinates e and <5 are h * gen ' 


cfaM2>0| 2>0 

d Id L \ _ dL _ _ 
c££\d&) de ~ — O • 


( 6 ) 

. __ (?) 

Equations (5), (6), and (7) can be int 
yield an equation which expresses the ^ grated to 
ti°n of momentum. Equation (4), which by V™’ 
constant represents the conservation bein S 

can be combined with the conservation of 
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Douglas L. Jones is a full-time graduate student work- 
ing for a D. Sc. in Mechanics. This is his second year 
as NASA Predoc tora I trainee. Three years ago, Doug 
was editor of Mecheleciv while finishing his under- 
graduate work here. 


turn equation 

to yield #> and 9 

as a function of 

the length of wire,/. Thus 


0 = 

/ + SVA 2 

(8) 

and 



6 - 

2 0 o 

(9) 

/ -h £ Z /A Z 


where <j> Q is the initial spin rate and A = I/m + 
a^. The above mentioned equations can also be 
integrated to give the length of wire as a function 
of time . 

jf(*)= (i°) 

If it is desired the spin rate # can be written as 
an explicit function of time by substituting equa- 
tion (10) into equation (8). 


PHASE 2 ANALYSIS 


A sketch of the configuration for phase 2 is 
shown in Figure 2. The Lagrangian in this phase 
is given as 

L= H0+ it [? V*2 I HD 

where 9 = if> since J is constant. Analysis of this 
phase is considerably more difficult than for 
Phase 1 but the spin rate at the end of Phase 2, 
can be determined since 9 - y = 0 at that point. 
The conservation of energy at 9 - y - 0 yields 
the equation 

■^101-h *? [*&*+&% T (I +'”'■*)& (12> 

and the conservation of momentum yields 
14 + a)(a 0 t +/Y)= {l+'rn£)fc 0 • (13) 


Combining equations (12) and (13) gives 


i + >= b 


-SI) I 


a.‘ 




which yields upon rearranging 

G + l 


ST = J6 + /) 2 


where 


G 

(l-n)I 

sy*.a* 


(14) 


(15) 


(■*/<». + 1 )* G 

= 4/0 o 

for conciseness of notation. 

Equation (15) is an exact representation since 
no approximations have been made but the ex- 
pression is too complicated for easy manipula- 


tion. Therefore, considerable simplification can 
be achieved by noting that G is large for most 
practical despinning problems. Thus G can be 
replaced by G + 1 in the denominator which yields 


JZ = 


G + / 

(S/a + l ) 2 


(16) 


Now, if J(/a is greater than 2 n , which is usually 
the case, equation (16) may be put in the simple 


dimensionless form 

I — J±IL (17) 

sm (a. -f-J ) 2 /-At 

which allows the final spin to be evaluated with- 
out any great difficulty. 

CONCLUSIONS 

Equations (8) and (17) give the spin rates 
during Phase 1 and at the end of Phase 1 respec- 
tively. This information is adequate for proper 
determination of despin weights and wire length 
if the other input parameters are known. There- 
fore, any desired final spin rate can be obtained 
with the proper weights and wire length. If the 
information is desired, the tension in the wires 
can be determined by a similar analysis. 

A refinement of the yo-yo despin mecha- 
nism has been recently introduced which uses a 
spring rather than a wire for the mechanism. 
Called a stretch yo-yo, this device compensates 
for errors in initial spin rates or changes in the 
moment of inertia. If the initial spin is greater 
than expected, the yo-yo spring will expand caus- 
ing a greater reduction and thus decreasing the 
final error. This appears to be a very useful 
device if the final spin rate is critical. 

For certain other applications another varia- 
tion of the yo-yo mechanism is one called a yo 
tumbling mechanism. This device uses only one 
despin weight usually attached a certain distance 
from the center of mass. A yo system can cause 
a body to despin and at the same time impart a 
tumbling or coning motion to the body. This has 
been used on final stages of rockets and also on 
sounding rockets to introduce a desired change of 
motion. The same general analysis employed 
for the yo-yo mechanism is applicable to the 
stretch yo-yo and yo systems. Of course, some 
modifications in the analysis are necessary be- 
fore the system can be described accurately. 



Figure 2 - Phase 2 coordinate system 
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TAU BETA PI 



The Tau Beta Pi Association, national engineering 

iaSc r L S °cj ety ', WaS founded at Lehigh University in 
1885 by Edward Higginson Williams, Jr., "to mark in 
a fitting manner those who have conferred honor upon 
their Alma Mater by distinguishing scholarship and 
exemplary character as undergraduates in engineering 
or by their attainments as alumni in the field of en- 
gineering, and to foster a spirit of liberal culture in 
the engineering colleges of America. 

-Preamble to the Constitution. 


On February 16, 1963, the District of Colum- 
bia Gamma Chapter of The Tau Beta Pi Associa- 
tion was installed at The George Washington Uni- 
versity School of Engineering and Applied Science. 
This culminated a three-year effort by the local 
engineering honor society. Sigma Epsilon, to 
establish a Tau Beta Pi Chapter on campus. 


MEMBERSHIP REQUIREMENTS 

Candidates eligible for election to member- 
ship fall into four general categories: 

1. Undergraduate students meeting the scho- 
lastic requirements. 

2. Alumni of the college whose chapter may 
consider them, who met the scholastic 
requirements as undergraduates. 

3. Alumni of a college other than the one 
whose chapter may consider them, who 
met the scholastic requirements as under- 
graduates . 

4. Engineers of high attainment in the pro- 
fession, regardless of college attended, 
undergraduate scholastic record, or edu- 
cational background. 

Undergraduate students must stand in the 
top eighth of their class in their next-to-last year 
or the top fifth of their class in their last college 
year to be eligible for consideration. A quota 
limitation is placed on the number of first term 
junior” electees; these electees are designated 
Honor Students. The remainder of the top eighth 
of the "junior" class is eligible for election in 
their second semester or second or third quarter . 

Elections and initiations by the undergraduate 
chapters are normally held twice a year, in the 
fall and winter or spring terms of their insti- 
tutions. 

Membership in Tau Beta Pi is limited to 
men, although women are eligible under the same 
rules for award of the Women's Badge. 






each undergraduate .Indent elected" 

—ay. preferably on a 

subject and containing from 500 to 1,500 words, 
for submission to his chaDter 

traditionally called pledge e S »,I 1' P * P '"' 

judged by the chapter, and the winner in eaci 
competition has been awarded a nri 7P -ru 

winning p,p. r , in „ ct C "* p *" 

l 1 *” ?*.* instituted by the 1950 Convention “d, 
the judging done by a committee nf a i * 

wT"'h d „riLs th ' A ‘ Umni R 'Pi—n«a'Sv'. r »; 

SXa5::t Pr ,he"be. t “f" g y.‘‘ P “ $ ‘ P ‘“» * <=«' 


THETA TAU 



thy might." 6 fo do ' do it with 

neer, T „ h g “ t a ra, T .* U „,i;. a 

n ' h « “-‘''•laity of Min„e.“aTn^9M* 

1 a apter was inaugurated at The 

Ut a e Sh Dr 8t Norml V B rS i; y me T 

Ames, a most £ °T° 

ter each year to the engineer^ sSl ? cha P 
outstanding in Engineering SchooActivities . m ° S 

higJsUn^aTd^^Srssio^ ' 

Ft 

does not rival social fraternities, nor’ Le 
bership requirements such that it col! menv 

or serves as, an academic- v, or npetes with 

fraternity thus provides a middlTroad 5*7'. Th< 
association with men of the same rho/ fri -endl} 
sion. Membership itself is evt , er } profes- 
to those students who have successfully c inVit f tior 
at least the freshman year and who iF COm Pl et ec 
than six month, »° *«■ 

These students should have demon , graduation. 

»«lvc. to b. .oci.ble and practical" and th '“- 

an interest in fraternal ideals. d dls Played 

Gamma Beta Chapter of Theta Ta,, 
various activities for its members thrm, S ?° nSOr « 
year. Among these are the fall and ,?^ the 
quet and ball, fall shrimp feast Christ prin 8 t>an- 
Memorial Day picnic, and brother-pUd^m^^’ 
The fraternity continues its activities d Xers ’ 
summer with crab feasts and ocean h du ^ ln 8 the 
Since Theta Tau does not wish to b h tri P s - 
engineering students with social ° ° Verbu rden 
schedules less than twelve events it 

keeps cost per member within reason This 

Sdsh^r f ° r thC deVel ° pm -t of "fraternal 
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Graduation was only the beginning 
of Jim Brown’s education 



Because he joined Western electric 


Jim Brown, Northwestern University, ’62, came with 
Western Electric because he had heard about the Com- 
pany’s concern for the continued development of its 
engineers after college graduation. 

Jim has his degree in industrial engineering and is 
continuing to learn and grow in professional stature 
through Western Electric’s Graduate Engineering 
Training Program. The objectives and educational phi- 
losophy of this Program are in the best of academic 
traditions, designed for both experienced and new 
engineers. 

Like other Western Electric engineers, Jim started 
out in this Program with a six-week course to help in 
the transition from the classroom to industry. Since 
then, Jim Brown has continued to take courses that 
will help him keep up with the newest engineering 
techniques in communications. 


This training, together with formal college engi- 
neering studies, has given Jim the ability to develop 
his talents to the fullest extent. His present responsi- 
bilities include the solution of engineering problems 
in the manufacture of moly-permalloy core rings, a 
component used to improve the quality of voice 
transmission. 

If you set the highest standards for yourself, enjoy 
a challenge, and have the qualifications we’re looking 
for - we want to talk to you! Opportunities exist now 
for electrical, mechanical and industrial engineers, 
and for physical science, liberal arts and business 
majors. For more information, get your copy of the 
Western Electric Career Opportunities booklet from 
your Placement Officer. And be sure to arrange for an 
interview when the Bell System recruiting team visits 
your campus. 


Western Electric MANUFACTURING AND SUPPLY UNIT OF THE BELL SYSTEM 


AN EQUAL OPPORTUNITY EMPLOYER 

Principal manufacturing locations in 13 cities □ Operating centers in many 
Engineering Research Center, Princeton, N. J. □ Teletype Corp., Skokie, III., 


of these same cities plus 36 others throughout the U.S. 
Little Rock, Ark. □ General Headquarters, New York City 
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MECH MISS . . . 

SALLY ANNE STOOPS 


Miss October is Solly Anne Stoops, a Sophomore transfer student 
from Sweetbrier College. This 18 year old, five foot three, br own 
eyed beauty is majoring in Mathematical Statistics, of all things 
When she's not distributing Poissons. Sally enjoy, drama singing 
end playing the piano. Commuting from Annapolis every day and 
pledging Kappa Alpha Theta help to keep this talented young lady 
out of too much mischief. 

It's obvious that this month's rallying cry is, Sally Stoops to 
conquer. " 
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They’re members of Bethlehem Steel’s 1965 Loop 
Course — graduates of colleges and universities 
from coast to coast. 

What is the Loop Course? Since 1922, Bethlehem 
has conducted this Course for training college 
graduates for careers in Bethlehem's management. 
Hundreds of men at all levels of Bethlehem man- 
agement, including our Chairman, started their 
careers as loopers. 

The ’65 Loop convened at our general offices in 
Bethlehem, Pa., early in July. After five weeks of 
thorough indoctrination, many of these men were 
assigned to facilities throughout the country for 
further brief training at the operations before 
undertaking their first job assignments. Others, 
such as sales and accounting trainees, may remain 
at the general offices for some months before 


being assigned. 

Most Loopers Have Technical Degrees 

Our primary need is for engineering and othei 
technical graduates. Such men have many fin 
opportunities in all phases of steelmaking, as W U 
as in research sales, mining, fabricated steel con 
struction and shipbuilding. Also, both technical 
and non-technical graduates are needed for other 
important activities including accounting safes 
purchasing traffic, finance and law, industrial 
public relations, and general services 

, Y kT'" . f "l d a great deal more ^formation in our 
booklet, Careers with Bethlehem Steel and the 
Loop Course. You can obtain a conv , 
Placement Office, or drop a postcard to Personnel 
Division, Industrial and Public Relations Depart 
ment, Bethlehem, Pa. 18016 depart- 



BETHLEHEM STEEL 

An equal opportunity employer in the Plans for Progress Program 
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To build a rectangular color TV tube with more of a picture than the 
earlier round tube type, and then squeeze it into a dimensionally 
attractive cabinet — you face almost insurmountable challenges. 

Just to build a conventional color tube, you must . . . 

1. _with absolute precision, lay more than a million red, blue, 
and green phosphor dots in a perfect triad pattern over the entire 
surface of the picture screen. Why so tough? — because the light 
source for the dots is a single ray coming through a pinhole. And it 
must be bent by a correction lens with precise mathematical cal- 
culation (different for each dot) to pass through over a third-of- 
a-million pinholes and fall exactly at a given spot on the screen. 

2. — Once you’ve figured out the phosphor dots, you must then 
bend the electron beam broadcast by the TV station so that it 
too passes through the third-of-a-million pinholes. 

These are just some of the feats you must perform. But after 
going through all this, you wind up with a tube with a neck so 
long it requires a cabinet nearly a yard deep to hold it. To shorten 
the neck requires mathematical calculations and engineering 
techniques so demanding they fall beyond any brief description. 

The complexity of the 23-inch rectangular color tube develop- 
ment is considered by some of our consumer products engineers 
even more of a technological challenge than designing some of 
the sophisticated command systems required for space flights. 

Motorola military engineers tend to disagree. 

But now that we’ve brought it up, Motorola has accomplished both. 


TRUST THIS EMSIGNI A 



WHEREVER YOU FIND IT 


motorola 



HOW TO SUCCEED IN SCHOOL 


Lee Kaminetzky graduated first inhis class at G W U 
with a BSE in Math, in 1963. He received his MS in 
A/\ath at N.Y.U. in Feb. of 1965 and is now married. 
Tn Y^u' C.C.N.Y. and studying for his doctorate 

This article is reprinted from the March 1963 issue of 
Mecheleciv in the interest of higher learning. 


Engineering problems are unique in that 
quite often the answers are provided, at least 
implicitly, with the questions. The student, in an 
attempt to obtain the required solutions, will 
frequently resort to somewhat non-rigorous, if 
not incorrect, mathematical devices. There is 
sound reasoning behind such tactics, however. 
In general, engineering students cannot cor- 
rectly solve problems posed by textbooks or by 
instructors: a natural immunity exists. But 
because these students are collectively more 
brilliant than their non-engineering counter- 
parts and also, it goes without saying, the entire 
Engineering School faculty, various non-rigorous 
techniques may be employed to arrive at the de- 
sired solutions with a minimum of effort on the 
student's behalf and a maximum of confusion on 
the instructor's behalf. This is the desired end. 

The engineering student, bright as he is, 
may still wonder why he can utilize irregular 
methods and not be penalized. He will reason 
that the members of the faculty are not as igno- 
rant as they outwardly appear to be, and that 
some may even have attended college for a short 
period of time where they, too, were trained in 
the art of fallacious reasoning. 

The answer to the above inquiry is quite 
simple. First, instructors, by nature, do not 
retain anything they have learned for any mea- 
surable length of time, hence any techniques they 
may have been introduced to in their past are 
long forgotten. Second, success in the use of 
non-rigorous mathematics is heavily dependent 
upon external factors —how busy the instructor is, 
how long the particular assignment is, how well 
camouflaged the techniques are, how disarranged 
the student's paper is, and the like. The in- 
herently lazy instructor will usually check only 
the answer in a homework paper, reasoning that 
a correct answer implies a correct method of 
attack. Good for him! Also, if the assignment 
or examination is lengthy, or if the instructor 
has little time to grade papers, he will tend to 
skim over minor points. Good for him! If the 
student's paper has enough wrinkles, erasures, 
arrows, cross-references, etc., the instructor 
will not try to understand everything on the paper 
because of the sheer complexity of the organiza- 
tion of the paper. Good for him! 





conveying to instructors the apparent wealth of 
knowledge possessed in each course. Below 
some of the more well known devices are pre- 
sented for contemplation. The student should 
realize that principles are being illustrated, even 
though the mathematics is glaringly incorrect. 
It is the responsibility of the student to employ 
the techniques discreetly and in a manner which 

will bring credit and honor to himself and his 
fellows. 


The first method is of relatively modern 
rigin, but it is more of a desperation maneuver 
an anything else. The object is to take the de- 
rivative of a constant and to arrive at an answer 
different from zero. In the fierce fury of exami- 
nations or in huge homework assignments, this 
mall error may easily be overlooked if done i n 

a very non-chalant manner. Here is a simple 
example: "P le 

PROBLEM: Prove that, if s=displacement 
t=trnie, and s = 3t2 + 4t + 3, then, velocity at t = 0 


attack is obvious. One need only differentiate s 
with respect to t and evaluate the result at t - fl 
But suppose now the student performs the differ-’ 
entiation with an error and finds that 
ds/dt = 6t + 4t 

and at t = 0 : ds/dt = 0 and not 4. Should the stu 
dent worry? Of course not! He should erase the 

%Zl. C0mpu ’* ti0 " proceed a' 

ds/dt = 6t + 4t + d3/dt 

A quick check shows that d3/dt = 4 at t - 0 ■ 
sufficient condition to obtain the correct an*/ 8 3 
So the student calculates answer. 

d3/dt i A 3/A t ± 4 

For one place accuracy on a slide rule, the 
ber 3 is really 3 + 0.5, so A 3 = +0.5 - (_ 0 =i _ 
Hence 1 u,:> > ~ 1.0. 

d3/dt * 1.0 /At = 4 

and so A t = 1/4 in the neighborhood of t = 0. 

All of the above was done mentally or on 
scratch paper; on the homework assignment or 
the examination paper, the student places th 
statement: "In the neighborhood of t = 0, the 
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change in t is 1/4." The instructor will not know 
where this came from or even what it means, but 
this is the whole beauty of the art. The student 
proceeds : 

ds/dt = 6t + 4t + d3/dt = lOt + A 3/At 
= 10 t + 1.0/0.25 = 10 t + 4 
The velocity at t = 0 is therefore 

ds/dt = 10(0) +4 = 4 


QUOD ERAT DEMONSTRANDUM 

The preceding illustration is quite elemen- 
tary, and most instructors would notice the error 
and reward the student commeasurably. But as 
was mentioned above, the object of the example 
is to illustrate a principle. Suppose the differ- 
entiation was performed as part of a problem in 
circuit analysis, where differential equations are 
scattered liberally across one's paper. A small 
aberration in differentiation would surely go 
unnoticed. Thus this method can be used in 
principle, if due care is taken to avert emphasis 
from the calculation in question. 

Another important area in which slight er- 
rors can benefit students is the field of vector 
analysis. Quite often if the student is careful to 
obscure his work, the dot product and cross 
product can be interchanged at will to provide 
many fascinating results. It is not often that an 
instructor will use his precious time to figure 
out that i • i is not zero or that j x j is not one. 
The manipulation of unit vectors, as shown, can 
eliminate unwanted terms whenever such is 
deemed necessary. 

The appearance of a sign opposite to that 
desired can often be remedied by either of two 
ways through vector analysis. The earlier of the 
two is the interchange of terms in a cross prod- 
uct, since a" x b = -(bxa). This is done with 
facility, and many an instructor will not deny the 
veracity of such formulas as M = F x r and v = 
r x a , where M = moment, F = force, r = radius 
vector, v = velocity, and ~ = angular velocity. 


The other means of changing signs is gotten 
from the use of a pictorial representation of a 
cartesian coordinate system. Many students are 
enthralled by the possibilities of using LEFT 
handed coordinate systems and taking cross 
products like I xj = t. Not only is this method 
fun to use, but it has been known to deceive many 
engineering instructors. 

One other point to be made about vector 
analysis is that the derivative of a unit vector in 
rectangular coordinates is zero, whereas in cy- 
lindrical and spherical coordinates, it is not. If 
the student must eliminate some terms of an 
expression, he may successfully escape the 
scrutiny of the instructor by differentiating non- 
cartesian unit vectors, obtaining a zero result, 
and obscuring the calculation. 

A favorite means of avoiding responsibility and 
of diguising lack of knowledge by both students 
and instructors is the use of some trite phrases 
like the following: "it is obvious that. . "it is 
evident that. . ."; "it is self explanatory. . ."; "it 
is readily seen that. . ."; "it follows. . ."; and 
"time does not permit derivation, but. . .". These 
phrases should appear on papers whenever a 
student does not know what to do, but he vaguely 
remembers some equations that he has seen. The 
professor is given the impression that his stu- 
dent has a good knowledge of the course material 
(for how else would equations be intuitively ob- 
vious?), and everyone is satisfied with the results. 

The following "identities" have been used 
successfully in many varied circumstances: 

(1) (-x) 1/2 = — (x) 1/2 

(2) (a 2 + b 2 ) 1 / 2 = a + b 

(3) log cx = c log x 

(4) special case: log (-x) = -(log x) 

(5) sin 60°= 1/2 cos 30° 
cos 60° - 0.866 — sin 30° 
sin 45° = 1.414 = cos 45° 

If one is careful in employing the above prin- 
ciples, he will easily succeed in school without 
really trying. 
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FUEL-CELL DEVELOPMENT 

Plans for development of this country's first 
air-breathing, lightweight fuel-cell system to 
power forward-area military radios, radars, and 
other electronic equipment were disclosed re- 
cently by the United States Army Electronics 
Command. 

A contract for exploratory and advanced 
development models of this sophisticated electri- 
cal power source has been granted by the Elec- 
tronics Command to Monsanto Research Cor- 
poration, a subsidiary of Monsanto Company. 

Fuel cells have no moving parts but generate 
electricity silently through chemical conversion 
of fuel. As long as the cells have fuel, they can 
operate without attention. They have a much 
higher power -to-weight ratio than other electri- 
cal power sources, and since they make no noise 
they would not attract the attention of an enemy. 

The new tactical fuel cell will obtain its oxy- 
gen from the air. Its hydrogen will be contained 
in hydrazine, a liquid fuel that can be handled 
and transported as is gasoline. The contract 
calls for both exploratory and development mod- 
els that will produce 720 watt-hours (60 watts 
for 12 hours) on a single 2-pound fueling. The 
final model of the system will weigh 10 pounds 
and occupy less than one cubic foot of space. 



ROCKET HANDGUN 

A rocket handgun, claimed to be a revolu- 
tionary development in small arms, now is being 
produced by MB Associates of San Ramon, Calif. 
The handgun is a lightweight aiming and firing 
device for a high-velocity, spin-stabilized minia- 
ture bullet-shaped rocket that has been trade- 
named Gyrojet. The propellant is a solid fuel 
and is ignited by a percussion primer. 

When fired, the complete rocket, including 
the primer, thrusts forward and accelerates 
rapidly. Nothing is left in the chamber to be 
ejected as in conventional guns. Total burning 
time for a typical 13-mm. Gyrojet is about a 
hundred milliseconds, at which time the projec- 
tile is traveling at 1,250 feet a second. 

The projectiles are spin-stabilized by canted 
ports in the aft end. The Gyrojet case and aft- 
end nozzle are made of high-strength alloys. 

Six rounds are spring -fed into firing position 
through the pistol grip. A unique "forward ham- 
mer" drives the projectile back against a fixed 
firing pin that initiates the percussion primer. 
The forward thrust of the rocket forces the 
spring-loaded hammer forward and down to clear 
the barrel and cock the weapon for the next round. 


LOWEST- PRICED IBM COMPUTER 
ANNOUNCED; WILL ACCEPT PROBLFMR 
IN ENGINEERS' LANGUAGE ™ UBLEMS 

The lowest-priced stored program commuter 
ever marketed by International Business ? M~ - 
chines Corporation was announced today p ro 
grammed to "understand" the language of civil 
engineers it will lower the cost of bridge and 
highway design, property subdivision and 8 rie ht- 
of-way computations. ri g m 

The new IBM 1130 computing system will 
ren for as little as $695 a month. CaSble 

performing 120,000 additions a second, the 1130's 

internal computing power is greater than that 
systems costing several times as much. 

IBM will make available without charge a 
number of programs to assist engineers in ^ak- 

bifiUes. USe ° fthe U30 ' S P r °klem- solving 1 capa- 

Onewill be a version of the civil • 

oriented COGO (Coordinate GeOmetry) program 
originally developed by Professor Charles T 

in^M’ ° f tHe de P artmen t °f civil engineer- 

ing, Massachusetts Institute of Technology S Avail 
able for use with an 1130 having dis!^ 1 

capabilities, COGO enables engineers to It £1 
problems in their own professional l*r» * & 
feed them directly to the 1130, and receiv^tm’ 
mediate answers. Other 1130 programs 
ma hematic and statistical calcufati^is Tk 
include programs for matrix inversion ’«- Th 1 y 
taneous equation solution real and r-r> J Slmul " 
of polynomials and regression analysis!" ** r °° tS 

computer's us efulne ss^m ^g^ts^Th 06 ^ 
elude the IBM 1627 plotter for J! , • They ln_ 
drafting, and plotting! card and paper^a^^ 8 / 
output units; and a low-cost prime!. P lnpUt/ 

Without a computer language such as rnro 
a civil engineer would have to sfekthe assis? G °’ 
of a trained programmer who would write 
quences of coded instructions to tell the oo 
puter how to solve the problem. With COGO 
engineer without any programming G °’ an 

can use an 1130 as he would a slid! ruR^sT^ 
pie statements - outlined for the enob!!' S 
handbook - provide the computer with "alY" * 
needs to take raw data and perform coI uta U 
The engineer himself can enter these stat 
into the computer through the 1130's co™ 6 ^ 3 

typewriter. He also can have them n , COns °le 
cards and then entered into the compute"' * ^ 

FORTRAhT and'^moni!©!! prog^aun 11 will^b 

vided with the 1130. The monitor’ will ove^' 
the running of programs on 1130s with disk s ! See 
age facilities to ensure efficient system 
Main memory of the 1130 is magnetic C o rT J* 3 * * 
age with a capacity of either 4,096 or 8 loo 
bit words. Memory cycle time - the tim 2 * 6 ~ 
quired to move a word from and resto ? V*" 
memory — is 3.6 microseconds. 11 to 

The basic IBM 1130 computing 
rent for $695 a month and sell fo ? $32 
typical system with disk storage will A 

$895 a month and will cost $41,280. rent for 
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{‘Are there any 
East Coast labs doing 
Organic Research ?” 


“How 

, “DO YOU 

about HAVE ANY 

MANUFACTURING 
FACILITIES 
IN THE 
SOUTH?” „ 


“What’s 
available 
in R&D 
around 
New York?” 


a sales 
assignment 
in the 
Chicago 

area?” 


0)ouldS start 
at a location with 
near i 



“Any chance of 
moving around the country? ’ 



if location is important to you in choosing your first job, why not talk to the company that has 
130 plants and research centers throughout the U.S.A., as well as scores of sales offices from 
coast to coast? Your placement office can tell you when our interviewer will be on campus. 

AN EQUAL OPPORTUNITY EMPLOYER 

PLASTICS • SEMET-SOLVAY • SOLVAY PROCESS • UNION TEXAS PETROLEUM 


DIVISIONS : BARRETT ■ FIBERS • GENERAL CHEMICAL • INTERNATIONAL • NATIONAL ANILINE • NITROGEN • 








First, what is the obvious? It’s obvious tha' 
you re in demand. You don’t have to worry 
about getting your material wants satisfied 
And you don’t have to worry about getting oc- 
portumties for professional growth. ® ^ 

roo B , ut| if y° u L lQ ok beyond the obvious vou’l 

mo!l Ze th n0W tha * t y° u ’ re going to want somethin* 
more than material rewards from your career 
You’re going to want pride-pride in your ol - 
sonal, individual contribution your ^ 

Melpar is a proud Company. We’re Droud of 
our approach to the solution of problems- we're 
proud of our growth pattern; and ’ proud 

of the communities that surround our labora 
tones and plants in Northern Virginia 

But most of all, we’re proud of our contrihu- 
^'ons in the areas of basic and apphed re- 
thf r< : h ’ des| gn. development and production in 

Systems S and ^h^Ph 6 ^' El . ectronic s, Aerospace 
systems, and the Physical and Life Srienrec 

Our projects have ranged from tinv !L nces ' 

^ni?rf ltS F t0 Com P uters the si2e of a* basketball 
court. From synthesis of an insects r,~! tba 

system to a study of cometary tails. From V prc> S 

duction of thousands of high reliability T- P > 

boards for the Minuteman Xgram to const™* 

State°Build?ng. mlt *’ n ^ an,enna EmpiS 

Look beyond the obvious 


\ 


k 



Melpar’s broad activities have created 

and' the ’Biological' S S ciences. iS * ry ’ Mathe ™* ics - 

If you want an opportunitv tn ho x 

your contribution and your Comnanv S d -° f 
terested in hearing from you Teh’ 11 * Ck ln +' 
yourself. Either ask your Placement n- bout 
for more information, or write to our D p re ^ tor 
sional Employment Supervisor Tell him r ,°^ es ' 
would like to hear from onf of your S,, l y0 . U 
graduates who is now progressing at Melpal 
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■Mel 

■ ' WIELPAR " INC 

A SUBSIDIARY OF WESTINGHOUSE AIR BRAKE COMPANY 

3451 Arlington Boulevard, Falls Church, Virgin! 

In Historic Fairfax County S 

(10 miles from Washington, D. C.) 

An Equal-Opportunity Employer 




CIVIL ENGINEERS: 


Prepare now for your future in highway 
engineering... get the facts on The Asphalt 
Institute’s new computer-derived method 
for determining structural design of Asphalt 
pavements for roads and streets 


Today, as more and more states turn to modern Deep- 
Strength* Asphalt pavement for their heavy-duty highways, 
county and local roads, there is a growing demand for engi- 
neers with a solid background in the fundamentals of Asphalt 
technology and construction. 

Help to prepare yourself now for this challenging future by 
getting the latest information on the new Thickness Design 
Method developed by The Asphalt Institute. Based on exten- 
sive statistical evaluations performed on the IBM 1620 and 
the mammoth IBM 7090 computers, accurate procedures for 
determining road and street structural requirements have 
been developed. 

All the facts on this new method are contained in The As- 
phalt Institute’s Thickness Design manual (MS-1). This help- 
ful manual and much other valuable information are included 
in the free student library on Asphalt construction and tech- 
nology now offered by The Asphalt Institute. Write us today. 


♦Asphalt Surface on Asphalt Base 


THE ASPHALT INSTITUTE 

College Park, Maryland 




Thickness Design Charts like this (from the MS-1 manual) 
are used in this new computer-derived method. This chart 
enables the design engineer quickly to determine the 
over-all Asphalt pavement thickness required, based on 
projected traffic weight and known soil conditions. 


THE ASPHALT INSTITUTE 
College Park, Maryland 

Please send me your free student library on Asphalt con- 
struction and technology, including full details on your 
new Thickness Design Method. 

Name Class 

Sc h ool__ 

Address — 

City State — 
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"Wait till you hear!" said one 
coed to another. "I went to the 
movies last night and I had to 
change my seat three times!" 

"You mean you were actually 
molested? " 

"Eventually." 

* $ * 

From G.W. comes word of a 
new student organization called 
Students Anonymous. If you get 
a strong desire to study, call 
them, and they'll send someone 
over to drink with you. 

* * * 

"What sort of person is Mrs. 
Foster, Colonel?" asked a lady 
of her dinner partner. 

"Oh, you know," replied the 
Colonel, "the sort of a person who 
calls a table napkin a serviette." 

"But I always call it a ser- 
viette," said the lady. 

" Then," said the Colonel bland- 
ly, "you know exactly the kind of 
a person she is. " 

* * * 

Tact is knowing how far to go 
in going too far. 

* * * 

Then there was the engineer 
who made his own drink at a 
party. It's called a Gin Daddy. 
It's made with equal parts of gin, 
milk, and sugar. It seems that 
the sugar gives you energy, the 
milk gives you pep, and the gin 
gives you ideas of what to do with 
all your pep and energy. 

* * * 

A young couple recently moved 
into an apartment. Finding the 
place infested with mice, the 
husband purchased two mouse- 
traps and placed them in the 
basement. One he put by a basket 
of apples and another by a box of 
nuts . 

Late that night a loud "snap" 
was heard and the husband rushed 
downstairs. His wife followed 
him to the top of the stairs. 

"I got him," yelled the husband. 

"Did you catch him by the ap- 
ples?" queried his wife. 

"No dear," he answered. 


Two E.E.s were sitting in the 
library when a young coed walked 
by. 

"Her neck's dirty," said one 

"Her do?" 

* * * 

That the moon is high, I don't 

deny. 

In fact, I always knew it. 

But I do imply it's not as high 
As the cost of getting to it. 

* * * 

The personnel department of 
a company was giving an appli- 
cant one of those intelligence 
tests, and he was asked to select 
the one word out of place in this 
group: Man, woman, eggs, car- 
pet, loving. 

As a matter of fact, we didn't 
know what the correct answer 
was, but the applicant reasoned 
thusly: 

"Well, you can beat a man, 
and you can beat a woman, and 
you can beat eggs, and you can 
beat a carpet, but you can't beat 
loving." 

* * * 

Mother: 'Do you like your 

new nurse, Jimmy?" 

Jimmy: "No, I hate her. I'd 
like to grab her and bite her 
neck like Daddy does." 

* * * 

There was the young man 
who saved for years to buy his 
mother a house, only to find that 
the police department wouldn't 
let her run it. 

* * * 

"Last night I persuaded my 
girl to say 'yes.'" 

"Congratulations, when's the 
wedding ? " 

"What wedding?" 

# # j{< 

There's one consolation: If a 
girl doesn't like her own figure 
she can always lump it. 

* * * 

"What are you doing in the 
cellar, children?" 

"Making love," came the reply. 

"That's nice. Don't fight." 


me ueiusion that on 
woman differs from another. 

* * * 

It was their first quarrel, an 
the sordid subject was monev 
Before we were married, 
she cried bitterly, " you told m 
you were well off." 

"I was," he snarled. "But 
didn t know it." 

* * * 

The old river boat captan 
was bragging to one of his pas 
sengers. ^ 

"Yup," he said proudly, " 
reaHy know this river like th< 

saiT h ^ nd ' THere ain ' 1 ' 

sand bar on it that I ain't fa 
miliar with." 

Just then the boat ran agroum 
with a sickening lurch. 8 

See," he said calmly, "there 1 ' 
one of em now." 

* * sfc 

Sergeant: "I suppose afte, 

you get your discharge, you . U £ 
praying for me to die so you car 

CO ’ rr an l Spit ° n grave?" 

GI - Not me Sarge. Once 
get out of this here army, I a i n ', 
never gonna stand in line again! ’ 

* * * 

A man in the insane asvlnn 

sat fishing over a flower bed 

t V o S1 b°e r ton r ° aChed and Wish in< 
to be jolly remarked. "H™ 

many have you caught?" 

"You're the ninth," Wa , - 

reply." as th « 
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HOW DULL 



WILL LASER RESEARCH BE 
IN 1976 
9 


We have become quite important in the laser art. We 
take much pleasure in the recognition accorded us for 
contributions in materials and technology to super- 
power infrared lasers for surgery. Our laser work will 
be absorbing some of the physicists, electrical engineers, 
and perhaps even mechanical engineers among those 
who will be joining us from the campus in a few more 
months. Others of these Class of 1966 engineers we 
shall soon have working in technologies that they have 
never even heard of before signing on. 

Great! But before he does sign, the kind of chap who 
particularly interests us is sharp enough to give a 
thought to 1976. So do we. We fear technological ob- 
solescence too, and his 1976 is our 1976. 


In due time he will be surprised to learn about some 
of the businesses we expect to be in then. As a thought- 
ful person, he will be pleased to see how they relate to 
the genuine needs (not just the frivolities) of the living 
human beings in a peace-based society. In due time he 
will be phased in when the fundamental research now 
in progress is ready for the engineering that will make 
it practical. 

Don’t expect to read all the details in an ad. Get in 
touch with us. By a wise early choice of employer it is 
still possible to enjoy the immediacy and the amenities 
of a career in industry without a heavy price in personal 
technological obsolescence. 


EASTMAN KODAK COMPANY 


Business and Technical Personnel Department/ Rochester, N.Y. 14650 

An equal-opportunity employer offering a choice of three communities: Rochester, N.Y., Kingsport, Tenn., and Longview, Tex. 


Kodak 




mill at Burns Harbor, Indiana. 


CUSTOMER REQUIREMENTS for d-c mntr 

were met by Jim Johnson. U. of CinctonS?^ 
a Technical Marketing Program assipnmon* 
Large Generator & Motor Department 1 


DRIVE POWER by General Electric: 


INDUSTRY CONTROL engineer Bob Vaughn, Vir- 
ginia Polytechnic Inst., worked on drives, 
control and the new SCR armature regulator, 
from design through installation. 


one section of Bethlehem Steel Corporation’s new 


PRINTED CIRCUIT PROCESS heart of automatic 
control, was checked by Glenn Keller, Lehigh 
U., on the Manufacturing Program at Specialty 
Control Department. 


A PREVIEW OF YOUR CAREER AT GENERAL ELECTRIC: 

Automating a Complete Steel Mill 


The automation of Bethlehem Steel Corporation's new Burns 
Harbor, Indiana, cold rolled and plate mills is another giant 
step toward meeting the demands for stepped-up steel 
production. General Electric is uniquely equipped to supply 
all the bits and pieces of automation, and to call on and 
integrate the skills of more than 120 business departments 
—skills that run the gamut of specialized and systems engi- 
neering, manufacturing and technical marketing. Whatever 
the projects at General Electric, and they are legion, a small- 
company atmosphere is maintained, so that individual con- 




. . . 6 ™ -> wome startin 

points to new discoveries and opportunities. Write us no 

or talk with your placement officer— to define your ca” 
interest with General Electric. Section 699-14, Schen^r/^ 
N. Y. (An Equal Opportunity Employer) 


Tigress /s Our Most impotent Product 


general Up electric 





